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 The functional effect of a gene edit by designer nucleases depends on the DNA 
repair outcome at the targeted locus. While non-homologous end joining (NHEJ) 
repair results in various mutations, microhomology-mediated end joining (MMEJ) 
creates precise deletions based on the alignment of flanking microhomologies 
(µHs). Recently, the sequence context surrounding nuclease-induced double strand 
breaks (DSBs) has been shown to predict repair outcomes, for which µHs play an 
important role. MMEJ, which was originally thought to be only a backup pathway, 
has been found to be active in human cells competent for NHEJ and homology-directed 
repair. 
 Here, a bioinformatics program called MHcut was designed to survey the extent 
to which all naturally occurring human deletion variants are flanked by µHs. It 
identified that 11 million or 57% are flanked by µHs, covering 88% of protein-coding 
genes. These biologically relevant mutations are candidates for precise creation 
in a template-free manner by programmable nuclease-induced DSBs and MMEJ repair. 
Using CRISPR/Cas9 in human induced pluripotent stem cells (hiPSCs), pathogenic 
deletion mutations in the genes DYSF, ALAS2 and FECH were efficiently created with 
MMEJ ratios of more than 75% for demonstrable disease models exhibiting both gain- 
and loss-of-function phenotypes.  
 The MHcut dataset and the gene editing strategy will enable not only functional 









































  したがって、本論文は博士（ 医科学 ）の学位論文として価値あるものと認める。 
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